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INTRODUCTION 

A b e t t e r  unde r s t and ing  of t h e  s t r u c t u r e  o f  a s p h a l t s  i s  important  not 
only f o r  s c i e n t i f i c  purposes ,  but a l s o  from t h e  t e c h n o l o g i c a l  and economic 
viewpoints  because t h i s  b i n d e r  is used i n  v e r y  l a r g e  q u a n t i t i e s  i n  road 
Construct ion.  Research workers  t h e r e f o r e  seek  t o  a c q u i r e  in-depth knowledge of 
t h i s  b inde r ,  making i t  p o s s i b l e  t o  r e l a t e  composi t ional  parameters  t o  p r a c t i c a l  
p r o p e r t i e s .  Among t h e  p h y s i c a l  and chemical a n a l y s i s  techniques capable  of 
c o n t r i b u t i n g  t o  t h e  c h a r a c t e r i z a t i o n  of such a medium, g e l  permeation chromato- 
graphy (GPC) i s  a good cho ice  because of i t s  e f f i c i e n c y  and i t s  e a s e  of 
a p p l i c a t i o n .  F u r t h e r ,  t h e  development of f i n e l y  graded subgrades has  added t o  
t h e  preceding advantages t h a t  of a r e sponse  time of t h e  same o rde r  of magnitude 
a s  t h a t  ob ta ined  w i t h  gas  chromatography. 

The a p p l i c a t i o n  of GFC t o  t h e  c h a r a c t e r i z a t i o n  of heavy petroleum 
res idues  h a s  a l r e a d y  been d e a l t  w i t h  i n  a c e r t a i n  number of p u b l i c a t i o n s .  Among 
t h e s e  mention may b e  made of the  work of A l t g e l t  (1 ,2 )  on t h e  s c a t t e r  range of 
t h e  molecular  weights  of a s p h a l t e n e s  and ma l t enes ,  t h a t  of Richman ( 3 )  and of 
Bynum and T r a x l e r  ( 4 )  on t h e  q u a l i t a t i v e  c h a r a c t e r i z a t i o n  of road a s p h a l t s .  The 
problems r a i s e d  by molecular  weight c a l i b r a t i o n  were i n v e s t i g a t e d  by Albaugh e t  
a l .  ( 5 )  a s  w e l l  a s  by Dickson e t  a l .  (6 ,7) .  Snyder (8) s tud ied  t h e  problems 
involved i n  t h e  a p p l i c a t i o n  o f  a n a l y t i c a l  GPC t o  a s p h a l t  c h a r a c t e r i z a t i o n  and 
demonstrated t h a t ,  u n l i k e  polymers, t h e  response of r e f r a c t o m e t r i c  and u l t ra -  
v i o l e t  d e t e c t o r s  w a s  no t  independent of e l u t i o n  volume. Reerink and Li jzenga 
(9)  have proposed a molecular  weight c a l i b r a t i o n  method based upon t h e  compari- 
son of r e s u l t s  ob ta ined  by u l t r a c e n t r i f u g a t i o n .  S i g n i f i c a n t  experimental  work 
invo lv ing  f r a c t i o n a t i o n  of a s p h a l t  by p r e p a r a t i v e  GPC and t h e  c h a r a c t e r i z a t i o n  
of f r a c t i o n s  b y - a n a l y t i c a l  GPC, v i scos ime t ry ,  vapor p r e s s u r e  osmometry, i n f r a -  
r e d  and n u c l e a r  magnet ic  resonance spectrometry have been pub l i shed  by Kiet e t  
a l .  ( I D ) .  

A l l  of t h i s  work has  demonstrated t h a t  t h e  q u a n t i t a t i v e  i n t e r p r e t a t i o n  
of GPC a s p h a l t  chromatograms r a i s e s  two t y p e s  of problem. The f i r s t ,  t h a t  of 
c o r r e c t i n g  t h e  r e sponse  o f  t h e  d e t e c t o r s ,  h a s  been d e a l t  w i th  i n  e a r l i e r  
p u b l i c a t i o n s  ( I I , 1 2 ) .  The second, r e l a t i v e  t o  t h e  e s t ab l i shmen t  o f  a c a l i b r a -  
t i o n  c u r v r i n  molecu la r  we igh t ,  i s  d e a l t  w i th  i n  t h e  p re sen t  paper .  

FRACTIONATION OF ASPHALTS BY PREPARATIVE GPC 

To p l o t  a c a l i b r a t i o n  curve i n  GPC t h e  b e s t  approach c o n s i s t s  i n  
i n j e c t i n g  a s u f f i c i e n t  number of s t anda rds  hav ing  a chemical s t r u c t u r e  and 
make-up i d e n t i c a l  t o  t h o s e  o f  t h e  product  t o  be c h a r a c t e r i z e d .  I f  t h e s e  
s t anda rds  do no t  e x i s t ,  they must be prepared and c h a r a c t e r i z e d .  
used p r e p a r a t i v e  GPC t o  i s o l a t e  a s u f f i c i e n t  number of narrow f r a c t i o n s  of 
_ _  = = * h a 1  r - - - - - -  tc c f  varie iJc  o r i o i n c .  ThQ r l n s i r n l  c o n d i t i o n s  of a p r e p a r a t i v e  
f r a c t i o n a t i o n  a r e  given below: 

- Apparatus: Waters Chromatoprep 101 
- Columns: 
- Solvent :  r e d i s t i l l e d  chloroform 
- Flow r a t e :  20 ml/min 
- I n j e c t e d  volume: 100 m l  

We have t h u s  

2 columns ( I O 3  and IO4 I ) ,  diameter  5 cm, l e n g t h  120 cm 
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- I n j e c t e d  s o l u t i o n  c o n c e n t r a t i o n  : 10 % - Volume of f r a c t i o n s  : 125 m l .  

The e f f i c i e n c y  of t h e  f r a c t i o n a t i o n  i s  eva lua ted  by t h e  i n j e c t i o n ,  i n  
a n a l y t i c a l  GPC on two micro-Styragel  columns of IO3 and IO4 A ,  of  0 . 3  mg of t h e  
most r e p r e s e n t a t i v e  f r a c t i o n s .  F igu re  1 shows t h e  chromatograms o f  t h e  f r ac -  
t i o n s  6 t o  18. 

It i s  no ted  t h a t ,  a p a r t  from t h e  h e a v i e s t  f r a c t i o n s  ( f r a c t i o n s  6, 7 and 
8) f o r  which t h e  behav io r  i s  s p e c i a l  and which r e p r e s e n t  l e s s  than I % of the  
i n i t i a l  product ,  t h e  p r e p a r a t i v e  s e p a r a t i o n  i s  indeed c a r r i e d  o u t  acco rd ing  t o  
t h e  molecular  weight .  A c a l c u l a t i o n  o f  t h e  average c h a r a c t e r i s t i c s  c a r r i e d  o u t  
on the  l a r g e s t  f r a c t i o n  ( f r a c t i o n  16) l e a d s  t o  t h e  fol lowing numerical  va lues  : 
Mn ( i n  equ iva len t  po lys ty rene )  = 555, Mw ( i n  e q u i v a l e n t  po lys ty rene )  = 690. The 
p o l y d i s p e r s i t y  is t h u s  1.24 ,  which can be regarded a s  s a t i s f a c t o r y .  

CALIBRATION CURVE BY VAPOR PRESSURE AND MEMBRANE OSMOMETRY 

The de te rmina t ion  of t h e  number ave rage  molecular  weights  - e i t h e r  by 
vapor p re s su re  osmometry (VPO) or by membrane osmometry - of t h e  a s p h a l t  f r a c -  
t i o n s  ob ta ined  by p r e p a r a t i v e  GPC makes i t  p o s s i b l e  t o  e s t a b l i s h  a f i r s t  
experimental  r e l a t i o n s h i p  between e l u t i o n  volume ( i n  a n a l y t i c a l  GPC) and 
molecular  weight. Most of t h e  measurements were performed by means of a 
Mechrolab 301A vapor p r e s s u r e  osmometer. Some de te rmina t ions  were c a r r i e d  out ,  
f o r  the  f r a c t i o n s  of h igh  molecular  we igh t ,  w i th  a membrane osmometer Of the  
same make. The measurements were conducted i n  benzene a t  37OC on s o l u t i o n s  
wi th  concen t r a t ions  va ry ing  between 20 and 5 g.1-1. It was thus  p o s s i b l e  t o  
determine the number molecular  we igh t s  of p r e p a r a t i v e  GPC f r a c t i o n s  of four  
a s p h a l t s ,  namely two 80/100 samples (ELF Feys in  and ELF Grandpui ts)  and two 
4 0 / 5 0  samples (Shel l  and CFR). The r e p r e s e n t a t i v e  p o i n t s  of t h e  molecular  
weight a s  a f u n c t i o n  of d i s t r i b u t i o n  c o e f f i c i e n t  a r e  given i n  F igu re  2 .  
v a l u e s  of the molecular  weights  corresponding t o  t h e  p o i n t s  l oca t ed  i n  the 
upper p a r t  of t h e  curve (Mn h ighe r  than  10,000) were obtained by membrane 
osmometry. This  f i g u r e  a l s o  shows (cont inuous bold l i n e )  t h e  c a l i b r a t i o n  
curve i n  molecular  weight p l o t t e d  f o r  po lys ty renes .  

The 

I t  i s  noted t h a t  t h e  experimental  p o i n t s ,  a l t hough  ob ta ined  from four  
a s p h a l t  samples having d i f f e r e n t  c rudes  and manufactur ing p rocesses ,  d e s c r i b e  
a s i n g l e  curve .  T h i s  c a l i b r a t i o n  curve ,  s p e c i f i c  t o  a s p h a l t s ,  i s  no t  ve ry  
d i f f e r e n t  from the  po lys ty rene  curve f o r  d i s t r i b u t i o n  c o e f f i c i e n t s  between 0.5 
and 0.7. Beyond t h e s e  va lues ,  t h e  a s p h a l t  curve moves e i t h e r  toward t h e  
l a r g e s t  e l u t i o n  volumes, f o r  t h e  same molecular  weight ,  o r  toward t h e  h ighe r  
molecular  weights ,  f o r  a given e l u t i o n  volume. I t  can be noted t h a t  t h e  lower 
p a r t  of t h e  curve (weights  lower than 1000) which corresponds t o  subs t ances  of 
high a romat i c i ty ,  moves s u b s t a n t i a l l y  away from t h e  po lys ty rene  curve,  probably 
owing t o  t h e  s u p e r p o s i t i o n  of an  a d s o r p t i o n  p rocess  which i n c r e a s e s  a s  the 
a r o m a t i c i t y  of t h e  p roduc t s  i n c r e a s e s  and a s  t h e i r  molecular  weight dec reases .  
For  molecular  weight v a l u e s  h ighe r  than 10,000, we s h a l l  see i n  t h e  d i s c u s s i o n  
of t h e  v i s c o s i m e t r i c  measurements t h a t  p a r t  of t h e  s h i f t i n g  can be exp la ined  
by t h e  f a c t  t h a t  the molecular  weight i s  determined on non-ideal s o l u t i o n s .  

INTRINSIC VISCOSITY OF ASPHALT FRACTIONS 

The v i s c o s i m e t r i c  measurements were c a r r i e d  out  i n  THF a t  30°C by 
means of an FICA automatic  d i l u t i o n  v i s c o s i m e t e r .  The sample analyzed i s  a 
CFR 4 0 / 5 0  a s p h a l t  which w e  f r a c t i o n a t e d  under c l a s s i c a l  c o n d i t i o n s .  F igu re  3 
shows the experimental  p o i n t s  corresponding t o  t h e  v a r i a t i o n  of the  expres s ion  
( t - t o ) / t o . C  a s  a f u n c t i o n  of t h e  c o n c e n t r a t i o n  C of t h e  s o l u t i o n  ( t  be ing  the  
s o l u t i o n  f low time and to  the  so lven t  flow t ime) .  
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T h i s  f i g u r e  shows t h a t ,  u n l i k e  what i s  observed i n  t h e  case  of i d e a l  
s o l u t i o n s ,  t h e  r e l a t i o n s h i p s  a r e  n o t  l i n e a r  f o r  t h e  h igh  molecular  weight f r a c -  
t i o n s  except beyond a c o n c e n t r a t i o n  of t h e  o r d e r  of  2 t o  3 g.1-' .  Below t h i s  
v a l u e ,  t h e  curves  bend downward i n  p r o p o r t i o n  t o  t h e  molecular  weight .  
i l l u s t r a t e s  t h e  d i s s o c i a b i l i t y  of t h e  s p e c i e s  as a r e s u l t  o f  d i l u t i o n  and the  
e x i s t e n c e  of a c r i t i c a l  c o n c e n t r a t i o n  beyond which t h e  s o l u t i o n s  have a "normal" 
behavior.  The i n t r i n s i c  v i s c o s i t y  v a l u e s  determined by e x t r a p o l a t i o n ,  to z e r o  
c o n c e n t r a t i o n ,  of t h e  l i n e a r  p a r t  o f  t h e  curve  a r e  t h u s  apparent  v a l u e s  which 
t a k e  i n t o  account a p a r t i a l l y  a s s o c i a t e d  s t a t e .  
measured by vapor p r e s s u r e  osmometry o r  membrane osmometry were determined on 
s o l u t i o n s  whose c o n c e n t r a t i o n  was h igher  t h a n  t h e  c r i t i c a l  c o n c e n t r a t i o n  i n d i -  
c a t e d  by v i s c o s i m e t r y ,  we conclude t h a t ,  h e r e  too ,  what i s  involved is t h e  
apparent  molecular  weights  tak ing  i n t o  account t h e  a s s o c i a b i l i t y  of t h e  s p e c i e s .  

T h i s  

A s  t h e  molecular weights  

CONSTRUCTION OF lql M CURVE OF ASPHALTS 

The numer ica l  v a l u e s  of i n t r i n s i c  v i s c o s i t i e s  and molecular  weights  
make i t  p o s s i b l e  t o  p l o t  t h e  curve  1111 M = f (Kd) f o r  4 0 / 5 0  CFR a s p h a l t  f r a c -  
t i o n s .  T h i s  curve i s  shown i n  F igure  4 t o g e t h e r  w i t h  t h e  u n i v e r s a l  c a l i b r a -  
t i o n  curve (cont inuous  b o l d  l i n e ) .  The d o t t e d  l i n e  i s  t h e  c a l i b r a t i o n  curve 
i n  1 r l  M proposed by Reerink and Lijzenga (9) f o r  a s p h a l t e n e s .  

The d iscrepancy  between t h e  curve i n  1111 M e s t a b l i s h e d  f o r  a s p h a l t  
f r a c t i o n s  and t h e  u n i v e r s a l  c a l i b r a t i o n  curve  i s  q u a l i t a t i v e l y  of t h e  same order  
a s  t h a t  which was observed i n  t h e  c a l i b r a t i o n  of molecular  weight.  It may be 
cons idered  t h a t  t h e  observed d e v i a t i o n  i n  t h e  lower p a r t  o f  t h e  curve  i s  due 
t o  t h e  e l u t i o n  l a g  caused by a d s o r p t i o n  of  a romat ic  subs tances  of  low molecular 
weight.  For  f r a c t i o n s  w i t h  h igh  molecular  weight we have shown t h a t  the  numeri- 
c a l  v a l u e s  of  i n t r i n s i c  v i s c o s i t y  and molecular  weight  were apparent  v a l u e s  
h igher  than t h e  r e a l  v a l u e s  because t h e  measurements were n o t  c a r r i e d  out  on 
i d e a l  s o l u t i o n s  b u t  o n  s o l u t i o n s  whose c o n c e n t r a t i o n  was h i g h e r  than  the  c r i t i -  
c a l  va lue .  The product  1111 M t h u s  measured i s  hence g r e a t e r  t h a n  t h a t  which i s  
obta ined  i n  GPC. 

CALIBRATION CURVE USING UNIVERSAL CALIBRATION 

A s  t h e  m i c e l l a r  behavior  of s o l u t i o n s  o f  a s p h a l t  f r a c t i o n s  of  h igh  
molecular weight l e a d s  to apparent  va lues  d u r i n g  t h e  d e t e r m i n a t i o n  of  molecular 
weight by membrane osmometry, i t  i s  d i f f i c u l t  t o  p l o t  a c a l i b r a t i o n  curve i n  
molecular weight of a s p h a l t s  by t r a d i t i o n a l  means. 
have assumed - a s  a working hypothes is  - t h a t  t h e  u n i v e r s a l  c a l i b r a t i o n  of  
Benoit  e t  a l .  (13) i s  a p p l i c a b l e  t o  a s p h a l t  f r a c t i o n s .  The use  of u n i v e r s a l  
c a l i b r a t i o n  i n  t h e  c a s e  of GPC on micro-packings c a l l s  f o r  cont inuous  measure- 
ment of t h e  v i s c o s i t y  of  t h e  e l u a t e .  It w a s  Ouano ( 1 4 )  who f i r s t  s u b s t i t u t e d  
f o r  t h e  measurement of a f l o w  t ime t h a t  of  t h e  p r e s s u r e  drop  a t  t h e  t e r m i n a l s  of 
a c a p i l l a r y  tube .  The p r i n c i p l e  w a s  t a k e n  up by Lesec (15) who demonstrated 
t h a t  t h e  measurement of t h e  p r e s s u r e  a t  t h e  i n l e t  o f  a c a p i l l a r y  tube  placed 
between t h e  o u t l e t  o f  t h e  columns and t h e  i n l e t  of t h e  r e f r a c t o m e t e r  could be 
i n t e r p r e t e d  i n  terms of v i s c o s i t y .  
d e t e c t o r  d e s c r i b e d  by  Lesrc  and formed a c a p i l l a r y  tube  of 0.23 n m ~  d iameter  and 
3 m l e n g t h .  
ment. A d a t a  a c q u i s i t i o n  system permi ts  t h e  p r o c e s s i n g  of d a t a  from t h e  d e t e c -  
t o r s  by computer. 

Under t h e s e  c o n d i t i o n s ,  we 

We t h e r e f o r e  s e t  up  t h e  v i s c o s i m e t r i c  

A branch a t  t h e  i n l e t  of t h i s  c a p i l l a r y  a l l o w s  p r e s s u r e  measure- 

A F + , ,  ,...,:I.---:-- ^ _ "  ,... :--, PnC :_ L .= L..>.-., :. ..- --- C..L Us.UL,C'*UL " I _  a J a L r r r r  * I 1  C L L I I I S  "I L 1 y " ' " " y L l n U I L L  

volume by means of p o l y s t y r e n e  s t a n d a r d s ,  w e  f r a c t i o n a t e d  t h e  a s p h a l t s  ( f o u r  
samples of 180/200, two of 80/100, two of 60/70 and two of 4 0 / 5 0 )  under  u s u a l  
c o n d i t i o n s  f o r  p r e p a r a t i v e  GPC. Each f r a c t i o n  was analyzed by a n a l y t i c a l  GPC 
wi th  v i s c o s i m e t r i c  d e t e c t i o n  i n  o r d e r  t o  de te rmine  i t s  i n t r i n s i c  v i s c o s i t y  
under t h e  r e a l  c o n d i t i o n s  of  t h e  GPC. 
by r e f e r e n c e  t o  the  u n i v e r s a l  c a l i b r a t i o n  curve .  

I ts  molecular  weight was then  determined 

I 
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We a l s o  used VPO t o  de te rmine  t h e  number average  molecular weights  f o r  
t h e  f r a c t i o n s  of small molecular  weight  which have an i d e a l  behavior i n  s o l u t i o n .  
A l l  t h e  measurement p o i n t s  a r e  shown i n  F i g u r e  5 i n  which we have reproduced t h e  
c a l i b r a t i o n  curve f o r  p o l y s t y r e n e s  (bold l i n e )  and t h e  c a l i b r a t i o n  curve i n  
molecular weight of  a s p h a l t s  p r e v i o u s l y  e s t a b l i s h e d  by membrane osmometry ( t h i n  
l i n e ) .  

It i s  noted t h a t  t h e s e  measurements make i t  p o s s i b l e  t o  d e f i n e  a new 
c a l i b r a t i o n  curve i n  molecular  weight f o r  road a s p h a l t s ,  a c a l i b r a t i o n  c u r v e  
which i s  independent of t h e  o r i g i n  of  t h e  c rude  and of t h e  manufacturing p r o c e s s .  
T h i s  curve i s  much more r e a l i s t i c  than  t h a t  e s t a b l i s h e d  by membrane osmometry 
because i t  i s  p l o t t e d  by measuring the  i n t r i n s i c  v i s c o s i t y  by GPC w i t h  v i s c o s i -  
m e t r i c  d e t e c t i o n ,  b u t  i t s  v a l i d i t y  i s  l i m i t e d  by t h e  hypothes is  i n i t i a l l y  made 
regard ing  t h e  a p p l i c a b i l i t y  of t h e  u n i v e r s a l  c a l i b r a t i o n  t o  a s p h a l t  f r a c t i o n s .  
It i s  a l s o  seen t h a t  t h i s  curve  moves f u r t h e r  away from t h e  curve f o r  po lys ty-  
renes  and molecular  weight i n c r e a s e s ,  thus  v e r i f y i n g  t h e  c l a s s i c a l  h y p o t h e s i s  
t h a t  t h e  compactness of  heavy a s p h a l t  f r a c t i o n s  i n c r e a s e s  w i t h  molecular  weight .  

I n  o r d e r  t o  u L i l i z e  t h i s  new c a l i b r a t i o n  c u r v e  e a s i l y ,  we compared t h e  
c a l i b r a t i o n  curve f o r  a s p h a l t s  w i t h  t h e  c a l i b r a t i o n  curve f o r  p o l y s t y r e n e s .  
The r e l a t i o n s h i p  obta ined  i s  shown i n  F i g u r e  6 .  

The adjustment of  t h i s  r e l a t i o n s h i p  on a second-degree equat ion  l e a d s  t o  
t h e  fo l lowing  express ion:  

l o g  Y = 3.21 - 1.04 X + 0.331 X2 

i n  which Y = a s p h a l t  weight and X = p o l y s t y r e n e  weight .  

Furthermore,  w e  deemed i t  of i n t e r e s t  t o  compare t h e  v a l u e s  of i n t r i n s i c  
v i s c o s i t y  and of  molecular  weight ob ta ined  by GPC wi th  the  r e s u l t s  publ i shed  by 
A l t g e l t  (16),  on t h e  one hand, and K i e t  e t  a l .  (IO) on t h e  o t h e r  hand. The 
d i f f e r e n t  r e l a t i o n s h i p s  l o g  = f log  (M) a r e  g iven  i n  F igure  7. 

F a i r l y  good agreement i s  found f o r  t h e  low molecular  weights ,  and t h e n  
s i g n i f i c a n t  bending of t h e  v i s c o s i t y  curve  obta ined  by GPC wi th  v i s c o s i m e t r i c  
d e t e c t i o n .  

CONCLUSION 

The work r e p o r t e d  i n  t h i s  paper shows t h a t  i t  i s  p o s s i b l e  t o  approach 
exper imenta l ly  t h e  problem of t h e  p l o t t i n g  of  a c a l i b r a t i o n  curve i n  molecular  
weight f o r  GPC on a micro-packing a p p l i e d  t o  t h e  c h a r a c t e r i z a t i o n  of a s p h a l t s .  
I t  i s  shown t h a t  i f  one de te rmines ,  f o r  d i f f e r e n t  a s p h a l t s ,  a s p e c i f i c  c a l i b r a -  
t i o n  curve  r e l a t i n g  t h e  number average  molecular  weight ,  measured by membrane 
osmometry, of narrow f r a c t i o n s  t o  t h e i r  e l u t i o n  volume, one o b t a i n s  a s i n g l e  
curve independent of t h e  o r i g i n  of t h e  c rude  and of  t h e  manufac tur ing  p r o c e s s .  
This  curve  i s  v e r y  c l o s e  t o  t h e  p o l y s t y r e n e  curve f o r  v a l u e s  between about  1000 
and 3000. It moves away toward t h e  h igher  e l u t i o n  volumes, f o r  smal l  molecular  
weights ,  owing t o  t h e  i n c r e a s e  i n  the  a r o m a t i c i t y  of t h e  a s p h a l t  c o n s t i t u e n t s  a s  
molecular weight d e c r e a s e s .  It a l s o  moves away, and i n  t h e  same d i r e c t i o n ,  a s  
t h e  weight i n c r e a s e s :  i n  t h i s  c a s e ,  molecular weight measurements lead  t o  
apparent v a l u e s  h igher  t h a n  t h e  r e a l  v a l u e s  owing t o  t h e  non-ideal behavior  of 
t h e  s o l u t i o n s .  T h i s  d i f f i c u l t y  may b e  overcome by a c c e p t i n g  the  hypothes is  of 
t h e  a p p l i c a b i l i t y  of u n i v e r s a l  c a l i b r a t i o n  t o  a s p h a l t  f r a c t i o n s  and by u s i n g  a 
v i s c o s i m e t r i c  d e t e c t o r  t o  p l o t  a new c a l i b r a t i o n  curve  w i t h  r e f e r e n c e  to t h e  
c a l i b r a t i o n  curve i n  hydrodynamic volume. The i n t e r p r e t a t i o n  of t h e  r e s u l t s  
makes i t  p o s s i b l e  t o  e s t a b l i s h  a c a l i b r a t i o n  r e l a t i o n s h i p  of t h e  form: 
log  I4 ( a s p h a l t )  = 3.21 - 1.04 X + 0.331 X2, i n  which X = log  M ( p o l y s t y r e n e ) ,  
and t o  e l u c i d a t e ,  f o r  a s p h a l t  f r a c t i o n s ,  t h e  r e l a t i o n s h i p  between i n t r i n s i c  
v i s c o s i t y  and molecular  weight .  
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Figure 5. Calibration curve for asphalts from IulM 
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